The unlikely event of long-term complications in some pediatric fractures, such as midclavicular fractures, has allowed for management of these injuries with interventions that support the injured extremity rather than immobilize it while healing occurs. However, there is currently a growing body of evidence that advocates for this approach for some of the most frequently encountered pediatric fractures also at very low risk of future problems but, in contrast, have conventionally been managed with orthopedic consultation and rigid casting for several weeks. Therefore, this article will review the evidence that recommends that management of some of the most common upper and lower pediatric extremity fractures be treated with minimal interventions, such as removable splints and follow-up with a primary care provider.
BACKGROUND
There are some fracture types ( Fig. 1 ) and healing patterns that are unique to children. 1 It is largely due to the distinctive healing features of the pediatric musculoskeletal system, which includes a high degree of remodeling and callous formation, that lessen the potential for long-term complications in children with fractures. Remodeling allows for a certain degree of angulation in pediatric fractures to remodel with bone growth to nearly perfect anatomic alignment without any intervention except for immobilization (Fig. 2) . The degree of remodeling is greatest in young children, if there is a metaphyseal location to the fracture and if the deformity occurs in the plane of motion of the adjacent joint. 1 Therefore, the acceptable amount of angulation in pediatric fractures is much greater than that in similar adult fractures. 2 In addition, there is often sufficient callous formation such that nonunion almost never occurs in displaced fractures. 1 Therefore, although fractures occur more often in children than they do in adults, they have an exceptional healing capacity. As a result, some investigators have questioned the need for rigid immobilization for several weeks in some of the most common ankle and wrist fractures in children.
Therefore, this review article will start by highlighting those fractures that have had a long history of management that emphasizes symptomatic care (Fig. 3 ). It will then focus on those wrist and ankle fractures in which there is new evidence for a similar treatment plan, despite the time-honored tradition of managing these fractures in a cast for 3 to 4 weeks.
FRACTURES TRADITIONALLY MANAGED WITHOUT CASTING
The concept of managing fractures with minimal interventions and/or observation alone is not a new one in pediatric orthopedic trauma because orthopedic surgeons recognize the lack of long-term complications of some fractures. Most clavicle fractures are managed with a sling for comfort, and this can be discontinued in 2 to 3 weeks or when the major pain subsides, recommending range of motion and strengthening exercises as pain allows. 3 Pelvic and minor tibial avulsion fractures heal uneventfully, and conservative care includes pain control and return of activity in accordance with the patients' symptoms as the mainstay of treatment. 1 The most common fracture of the foot, the avulsion fracture of the base of the fifth metatarsal, can be managed with a short posterior below-knee plaster splint/ AirCast SP-Walker boot, with crutch use and weight bearing as tolerated for a period of 3 to 6 weeks.
FRACTURES TRADITIONALLY MANAGED WITH CASTINGVEVIDENCE TO SUPPORT SPLINTING AND OBSERVATION
Despite the benign nature of some of the most common wrist and ankle fractures in children, management of these injuries has been relatively conservative and has included several weeks of immobilization in a cast and orthopedic follow-up.
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However, there is recent evidence that advocates for treatment options prioritizing management of acute issues such as pain control and support rather than potential for long-term complications. Long-term complications of pediatric fractures may include growth arrest with the potential for subsequent limb shortening or deformities, malunion, and/or arthritis. 7, 8 However, evidence supports a lack of these aforementioned longterm complications with specific minor and stable extremity fractures. 4, 6, 9, 10 Therefore, when children present to a pediatric ED with these injuries, the new management strategy for these common injuries recommends the use of removable splints (Fig. 4) and follow-up with a primary care provider. Children managed with these devices versus traditional casting for specific wrist and ankle fractures have been found to have less functional morbidity, have enjoyed a more rapid return to baseline activities, tended to be preferred by families and children, and resulted in a more cost-effective use of health care resources. 4, 6 ,10Y12 This trend toward less restrictive immobilization that does not necessarily include an orthopedic surgeon is an important trend for pediatric emergency medicine physicians, as they will be the ones responsible for initially managing the patients and providing appropriate anticipatory guidance on recovery and return to baseline activity timelines. Therefore, the remainder of this article details which injuries are served best by this new management strategy and the issues to consider in each case.
FRACTURES OF THE WRISTVDISTAL RADIUS/ULNA
Children fracture the bones of the distal forearm more often than any other bone. Fortunately, the incidence of neurovascular complications is very low, and the potential for healing is very high. 1 Fractures of the distal radius and/or the ulna fall into 4 main categories: growth plate, buckle, greenstick, and complete fractures. Complete distal radius/ulna fractures can be further subdivided into those with acceptable and unacceptable angulations. 13 
Buckle Fracture of the Distal Radius
The most common type of distal radius/ulna fracture is the buckle, which, in one study, represented 43.5% of all distal forearm fractures.
14 When a child sustains such a fracture, the bony cortex is compressed on one side while the opposite cortex remains intact, 6 and therefore, this is a stable fracture (Fig. 1B) . Currently, standard orthopedic textbooks recommend treatment in a short-arm cast for 2 to 4 weeks. 6 However, recent evidence supports a less conservative approach for these injuries. 5, 6, 10, 15, 16 In fact, a recent survey demonstrated that there is a significant practice variation, with some individuals preferring a cast, whereas others use a splint for these injuries.
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One study from the United Kingdom demonstrated no differences in clinical and radiological outcomes between cast and splint treatment options. 15 In another study, 87 patients were treated with a splint; half were advised to remove the splint at home, whereas the others had splint removal at a clinic. There were no differences in complications from splint removal; however, there were strong parental preferences to have the splint removed at home. 10 In the largest clinical trial, 113 patients were randomized to either a short-arm cast (45) or a removable splint (42). Patients/parents were permitted to remove the splint at home when they felt it was not necessary. Children in the splint group used the splint with variable frequency over the 4-week study period. Initially, approximately 60% used it most or all of the time, but by week 4 after injury, 95% of the children were not using the splint at all. Overall, the splint group had better physical function at 2 and 3 weeks, had significant less difficulty with activities such as bathing, and returned to sports sooner than their casted counterparts. 6 In addition, a recent systematic review of clinical trials that compared splints with below-elbow cast therapy for buckle fractures reported no short-term deformity recorded in all relevant trials, and, in one trial, there were no cases of refracture at 6 months. 11 In summary, the overwhelming evidence supports treatment of buckle fractures of the distal radius with a removable splint, without orthopedic follow-up, and splint removal at home.
Greenstick and Complete Fractures of the Distal Radius
The next most common wrist fracture patterns are those that are likely to require reduction in the ED due to unacceptable angulation ( Fig. 5 and Table 1) , representing approximately 30% of all wrist fractures.
14 After reduction, these fractures are almost always immobilized with an above-or below-elbow cast, and are inherently unstable, and therefore benefit from orthopedic follow-up. 13 The final group falls in severity and complexity between the 2 fracture patterns described previously. This group mostly includes greenstick and complete fractures of the distal radius/ ulna that are acceptably angulated. What defines acceptably angulated varies with age (Table 1) , location of fracture, and individual practice patterns. However, in most cases, orthopedic surgeons would accept 15 to 20 degrees of volar/dorsal angulation in the sagittal plane in a skeletally immature child.
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The reason we accept some degree of angulation in children is that reduction to complete anatomic alignment in the ED does not seem to be necessary for cosmetic or functional outcomes. 2, 14 Fractures of the metaphysis of the distal radius have one of the greatest capacities for angular remodeling, and the commonly accepted angulations that will fully remodel with 5 years of growth are 30 to 35 degrees of doral/volar angulation in the sagittal plane and 10 degrees of valgus/varus angulation in the coronal plane. Even when remodeling is incomplete, there is no functional or cosmetic residual.
2 Figure 2 demonstrates remodeling very nicely. The case is of a 10-year-old boy with a complete distal radius fracture that was initially 12 degrees angulated; progression while the patient was casted occurred to 25 degrees between 1-and 3-week follow-up appointment, and after 1 year of remodeling, the bones had healed to near perfect anatomic alignment. With respect to the type of immobilization of these fractures, some advocate for a long-arm cast. Although this may be practical in very young children where short-arm casts have more of a tendency to fall off, evidence does not support routine placement of a long-versus short-arm cast for these less complex fractures. 11 However, there are no randomized controlled trials that have examined outcomes in children with these fractures treated in a short-or long-arm cast. Nevertheless, given the excellent functional and cosmetic outcomes of these injuries, immobilization with a below-elbow cast for 4 to 6 weeks and follow-up in an orthopedic clinic is likely sufficient for most cases.
Growth Plate Fractures of the Distal Radius
The Salter-Harris II fracture (Fig. 6 ) represents approximately 85% and the Salter-Harris I comprises approximately 10% of the growth plate fractures seen in this area. The fractures in this area have tremendous capacity for remodeling. Evidence has demonstrated that up to 50% displacement of the fracture fragments can be expected to fully remodel if there is at least one and a half years of growth remaining. 2 In another study of 85 children, premature closure of the growth plate in the distal radius or the ulna did not occur, and remodeling after SalterHarris type II epiphyseal plate injury occurred in all age groups, with the greatest potential in children up to 10 years of age. They also found that incomplete remodeling did not seem to have any substantial long-term negative effect on mobility of the wrist and grip strength. 17 Currently, standard textbooks recommend reduction of displaced physeal fractures, immobilization in a short-arm cast, and orthopedic referral. Given the excellent prognosis of the Salter-Harris I and II fractures of the distal radius, it may be that treatment with a splint followed by orthopedic referral is sufficient when angulation is minimal. However, clinical trials are needed to obtain more conclusive evidence for this approach in these injuries.
FRACTURES OF THE ANKLEVDISTAL TIBIA AND FIBULA
Ankle fractures are the most common fracture of the lower extremity in children. 4 Fractures include those of the tibia and/or fibula, and the most commonly diagnosed injuries are the fibular Salter-Harris I and II and distal avulsion fractures. In isolation, Salter-Harris III to V fractures of the fibula have not been reported to occur. The management of tibial fractures has remained relatively unchanged and requires orthopedic consultation either in the ED or in follow-up. Generally, combined tibia and fibula fractures and displaced Salter-Harris I to III and all Salter-Harris IV fractures of the tibia require immediate orthopedic consultation. Nondisplaced I to III fractures of the tibia may be immobilized in a posterior below-knee splint or below-knee cast, and patients should be provided with crutches and advised not to weight bear. Referral to an orthopedic clinic should occur within 1 week. The isolated nondisplaced fibular Salter-Harris I and II and avulsion fractures (Fig. 7) are stable and are very low risk for any long-term complications such as growth arrest. The ankle achieves its stability because the tibia, the fibula, and the talus are bound in a ringlike fashion by adjoining ligaments. To create an unstable injury, the ring must be broken in 2 places, and in isolated distal fibular fractures, the ring is disrupted in one place. These fractures are therefore stable and at very low risk for displacement, malunion, or deformity. Furthermore, these fractures do not enter the ankle joint and are thus not at risk for osteoarthritis. 7 There are no reports of growth arrest of the Salter-Harris I and II fibular fractures in the literature or after anecdotal review of cases at 2 large tertiary care institutions. 9 During a Salter-Harris I or II fracture of the distal fibula, the periosteal attachments usually remain intact, and although the epiphysis may be displaced momentarily at the time of injury, it returns to its normal position when the shearing and distracting forces are removed. Furthermore, the injury occurs at the junction between the zones of calcification and ossification, sparing the zone of proliferation where the growth occurs. 18 Premature closure of the growth plate is therefore not a concern with these injuries. Despite the benign nature of these injuries, they have traditionally been managed in a below-knee cast for 3 to 4 weeks. 7, 19 The main disadvantages of casting include unpleasant and prolonged immobilization, inconvenient return visits to an orthopedic facility, and potentially greater complications than those associated with the fracture itself. 20 Therefore, researchers have challenged the necessity of this rigid and prolonged immobilization for these relatively minor injuries, in favor of treatment that addresses symptoms rather than the potential for complications. 4 , 21 Gleeson et al 21 randomized 45 children aged 3 to 14 years with Salter-Harris I fractures of the distal fibula to treatment with an elastic stockinette (also known as a tensor or a Tubigrip) with crutches or a below-knee walking cast. After 2 weeks, they found that the stockinette group returned to baseline activities approximately 7 days sooner than those in the below-knee walking cast. Another study randomized 104 children with nondisplaced fibular Salter-Harris I or II or avulsion fractures to either a removable ankle brace (54) or a fiberglass below-knee walking cast (50). The removable ankle brace was significantly more effective than the cast with respect to recovery of physical function, was associated with a faster return to baseline activities, was superior with respect to patient preferences, and was also cost-effective. 4 Therefore, given the excellent prognosis of these fractures, one can advocate for supportive care of the injured ankle with return to activities as guided by the patients' symptoms. One key piece of guidance for the families is regarding anticipated recovery times. These injuries are still fractures, and therefore, pain is expected to persist for 2 to 4 weeks, limiting activities to some degree until this time. Pain, however, does gradually abate in this time frame with most children returning to full activities, including competitive sports, by 6 to 12 weeks.
In summary, long-standing clinical practice of some fractures such as most clavicular and avulsions has advocated for supportive immobilization and return to activities as tolerated. On the other hand, some of the most common and benign wrist and ankle fractures have been traditionally managed with rigid cast immobilization for several weeks. Emerging evidence has challenged this long-standing practice and now recommends a management strategy focused on symptomatic care rather than a concern for long-term complications of these injuries.
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Common Pediatric Fractures Treated With Minimal Intervention, Boutis.
1. Which of the following statements about pediatric fractures is most correct: a. Callous formation is minimal, and therefore, there is a high risk of nonunion of displaced fractures. b. Pediatric bones are more porous and therefore fracture less easily than those of adults. c. Remodeling capacity of angulated fractures is highest in younger children. d. Remodeling capacity of angulated fractures is highest if the fracture is furthest from the growth plate. e. Growth plate fractures occur in adults and children.
2. A 6-year-old girl fell on the outstretched right hand. She complains about pain in her right wrist. On examination, you see that she has some swelling over the wrist, no deformity, and the examination of her hand, forearm, and elbow are otherwise normal. There is no open wound, and her neurovascular status is intact. You decide to obtain a radiograph. The radiograph shows a transverse distal radius fracture with 18 degrees of angulation on the lateral radiograph without any displacement and an ulnar styloid fracture.
What is the most appropriate management for this injury? a. Pain control, splint, and follow-up with the family physician. b. Closed reduction of fracture followed by immobilization and orthopedic follow-up. c. Pain control, splint, and follow-up with orthopedics within 1 week. d. Open reduction and internal fixation by orthopedics. e. Consult plastic surgery to assess for an associated scaphoid fracture.
3. A 12-year-old boy presents after slipping on the ice. He says he can weight bear but with a lot of pain in his left ankle. On examination, you notice swelling and tenderness over the distal fibula and tenderness in the anterior joint line. His pedal pulse rates and sensation are normal. His foot examination and proximal tibia and fibula are normal. You decide to obtain a radiograph of the ankle (Fig. 8) . What is the best management for this injury? a. Place a posterior below-knee splint, provide crutches, and refer to an orthopedic surgeon within 1 week. b. Wrap with an Ace wrap, provide crutches, and advise weight bearing as tolerated. c. Place a below-knee walking cast, provide crutches, and refer to an orthopedic surgeon within 1 week. d. Orthopedic consultation in the ED. e. Place a removable brace, provide crutches, and refer to an orthopedic surgeon within 1 week.
4. A 10-year-old boy fell while he was walking and states that he twisted his ankle. He says he cannot weight bear, and his ankle examination reveals maximal tenderness over the distal fibula, and his neurovascular status is intact. You decide to obtain a radiograph of his ankle (Fig. 9) .
What does recent evidence suggest with respect to how this injury should be managed? a. Place a posterior below-knee splint, provide crutches, and refer to an orthopedic surgeon within 1 week.
b. Place a posterior below-knee splint/removable brace, provide crutches, and advise weight bearing as tolerated with follow-up with the primary care provider. c. Place a below-knee walking cast, provide crutches, and refer to an orthopedic surgeon within 1 week. d. Orthopedic consultation in the ED. e. Place a removable brace, provide crutches, and refer to an orthopedic surgeon within 1 week.
5. A 9-year-old boy fell and landed on his outstretched hand. He now complains of wrist pain. On examination, there is minimal soft tissue swelling and tenderness over the distal radius, and his neurovascular status is intact. There is no tenderness of the distal ulna, proximal to this, or of the scaphoid. Figure 10 is the radiograph of the patient:
What does recent evidence suggest with respect to how this injury should be managed? a. Pain control, splint, and follow-up with the family physician. b. Closed reduction of fracture followed by immobilization and orthopedic follow-up. c. Pain control, splint, and follow-up with orthopedics within 1 week. d. Open reduction and internal fixation by orthopedics. e. Consult orthopedic surgery to assess for an associated elbow fracture. Please indicate how well the activity met your expectations: 1 (minimally) to 5 (completely) 1 2 3 4 5 Was effective in meeting the educational objectives°°°°°I ncluded opportunities to learn interactively from faculty and participants°°°°°W as appropriately evidence-based°°°°°W as relevant to my practice°°°°°P lease rate your confidence in your ability to achieve the following objectives, both before this activity and after it: 1 (minimally) to 5 (completely) Pre Post 1 2 3 4 5 1 2 3 4 5 Obj 1 Illustrate how pediatric fractures heal°°°°°°°°°°O bj 2 Evaluate which common pediatric fractures are at low risk of future complications°°°°°°°°°°O bj 3 Use an evidence based approach to the management of the most common wrist and ankle fractures°°°°°°°°°°P lease address the practical application of this activity below How many of your patients with fracture may be impacted by what you learned from this activity?°G 20%°20Y40%°40Y60%°60Y80%°980% Do you expect that this activity will help you improve your skill or judgment within the next 6 months? (1V Definitely will not change, 5 V Definitely will change) 1 2 3 4 5°°°°°H ow will you apply what you learned from this activity (mark all that apply): In diagnosing patients°In making treatment decisions°I n monitoring patients°As a foundation to learn more°I n educating students and colleagues°In educating patients and their caregivers°A s part of a quality or performance improvement project°To confirm current practice°F or maintenance of board certification°For maintenance of licensure°H ow committed are you to applying this activity to your practice in the ways you indicated above: 1 (minimally) to 5 (completely) 1 2 3 4 5°°°°°B Please use the space below to provide any additional information that will help the activity planners and faculty evaluate this activity.
[ ] YES! I am interested in receiving future CME programs from Lippincott CME Institute! (Please place a check mark in the box) Below you will find the answers to the examination covering the review article in the October 2009 issue. All participants whose examinations were received by December 15, 2009 and who achieved a score of 80% or greater will receive a certificate from Lippincott CME Institute, Inc.
EXAM ANSWERS
October 2009
